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ASTROPHYSICS AND COSMOLOGY

COMBUSTION AND EXPLOSION IN OUTER SPACE AND ON THE EARTH

Moscow GORENIYE I VZRYV V.KOSMOSE I NA ZEMLE in Russian 1980 (signed to press
15 Jan 80) pp 2, 152-155

[Annotation, table of contents and abstracts from collection of articles "Combus-
tion and Explosion in Outer Space and on the Earth", edited by E. I. Andriankin,

doctor of physical and mathematical sciences, Vsesoyuznoye astronomo-geodezicheskoye
obshchestvo pri Akademii nauk SSSR, 1000 copies, 156 pages]

[Text] The collection contains articles that outline the results of theoretical
and experimental research in the field of mechanics of a continuous medium as
applied to problems of combustion physics. An examination is made of problems

of the singular state of the universe, expansion of the metagalaxy, questions

of radiation in a shock wave in inert gases, of the mechanism and limiting condi-
tions of ignition of mixtures, shock waves in the presence of magnetic fields,
and also analytical methods of studying equations that describe the corresponding
processes. .

The collection is intended for specialists in the field of astrophysics,r cosmology,
physics of explosion, shock wave physics, plasma physics and so on.

Contents - page

Krechet, V. G., Nikolayenko, V. M. and Shikin, G. N., "Some Corollaries of
the Theory of Interacting Fields in Cosmology and Astrophysics” 3

Stanyukovich, K. P. and Mel'nikov, V. N., "Energetics and Mass Spectrum of
Planckeon and Gravitational Vacuum" ‘ ' 20

Kiselev, Yu. N., "Total Output of Radiation From Shock Wave Front in Inert
-5 Gases" ‘ 36

Kononenko, M. M., "Electrothermal Analog of Detonation” 56

Ivanov. V. G., Ivanov, G. V. and Kuznetsov, V. P., "Investigation of Mechanism
" and Limiting Conditions of Ignition of Fuel Mixtures With Iodic Acid

Anhydride" 61
Sarukhanov, G. I., 'V’Anal'ytical Studies of Equations of Unsteady Nonadiabatic
One-Dimensional Flows of Continuous Medium Modeled by Viscous Thermally
Conductive Perfect Gas" 76
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Ageyev, A. N. and Andriankin, E. I., "Double Explosion in Water at Low
Energy Densities" 109

Dolgov, A. A., "Some Classes of Solutions of the Monge-Ampere Equation for
an Inhomogeneous Medium" 125

= Ivanov, M. Yu., "Rarefaction Wave in Medium With Equation of State Including
Section With Negative Pressure" 131

Andriankin, E. I. and Kononenko, M. M., "Motion of Fluid in Magnetic Field

With Clapping of Two Plates" ,, -t : . 138

i Andriankin, E. I. and Malkin, A. I., "Theory of Nonlinear Wave Propagation" 148

UDC 530.12:531.51
SOME COROLLARIES OF THE THEORY OF INTERACTING FIELDS IN COSMOLOGY AND ASTROPHYSICS
[Abstract of article by Krechet, V. G., Nikolayenko, V. M. and Shikin, G. N.]
[Text] An examination is made of the influence that terms of interaction of clas-
sical fields have on the singular initial state and isotropization of the process
of evolution of the universe. The problem of the cosmological background of quan-
tum field theory and the mass of the Higgs boson is discussed. References 27.

UDC 530.12:531.51
ENERGETiCS AND MASS SPECTRUM OF PLANCKEON AND GRAVITATIONAL VACUUM
[Abscract of article by Stanyukovich, K. P. wnd Mel'nikov, V. N.]
[Text] Two fundamental relations, the Mach relation and Dirac's equation, are
derived from a model of a vacuum based on two hypotheses: a) dense packing of
planckeons; b) density of de-excited energy coincides with the energy density
of the field of the metagalaxy. References 12.

UDC 535.89+535.21
TOTAL OUTPUT OF RADIATION FROM SHOCK WAVE FRONT IN INERT GASES
[Abstract of article by Kiselev, Yu. N.]
[Text] The article describes a method of measuring spectrally integrated radiation
fluxes from a shock wave front using quick-response pyroelectric radiation re-
ceivers, and gives the results of measurement of radiation fluxes from a shock
wave front in xenon and argon, and also brightness temperatures of the front in
the red and violet regions of the spectrum.
It is shown that in xenon at velocities of 5.5-11 km/s, despite considerable screen-

ing in the red region of the spectrum, the total radiation output is close to
the calculation from the shock adiabat. ' With further increase in shock wave

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040025-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040025-5

FOR OFFICIAL USE ONLY

velocity, radiation fluxes do not exceed 1.8+107 W/cm?. In argon at velocities
of 6.8-15 km/s, the shock wave radiation is close to that of an ideal black body.
The total radiation output is close to calculation up to 20 km/s. At velocities
of 20-37 km/s, considerable excess of radiation temperatures over brightness tem-
peratures is observed. The radiation fluxes registered from the wave front in
argon are up to 1.2+10° W/cm?. The experimental results are used to estimate

the spectral average absorption coefficients of shock-heated xenon and argon,
which are much lower than the absorption coefficients in the visible region of
the spectrum. References 8. o

UDC 534.222.2:539.63
ELECTROTHERMAL ANALOG OF DETONATION
[Abstract of article by Kononenko, M. M.]

[Text] Supply of energy from outside sources to a shock wave front with some
conductivity leads to an effect similar to detonation. Joule heat. release on

the front gives rise to the detonation mode. It is shown that the "shock adiabat"
in such a mode coincides with that of a substance absorbing intense luminous flux.
References 5. :

UDC 536.46

INVESTIGATION OF MECHANISM AND LIMITING CONDITIONS OF IGNITION OF FUEL MIXTURES
WITH IODIC ACID ANHYDRIDE )

[Abstract of article by Ivanov, V. G., Ivanov, G. V. and Kuznetsov, V. P.]

[Text] The mechanism and processes that limit spontaneous combustion of mixtures
of inorganic fuels (metals and non-metals) with I,0s are studied by thermal dif-
ferential analysis. It is shown that ip contrast to conventional mixtures, the
mechanism of spontaneous combustion of the investigated mixtures is determined
by the formation and properties of iodides of the fuels. The authors establish
the lower limits of ignition of the mixtures as a function of their relative den-
sity and fuel content. References 12. '

UDC 532.5-i/-9:532:011.11

ANALYTICAL STUDIES OF EQUATIONS OF UNSTEADY NON-ADIABATIC ONE-DIMENSIONAL FLOWS
OF CONTINUOUS MEDIUM MODELED BY VISCOUS THERMALLY CONDUCTIVE PERFECT GAS

(Abstract of article by Sarukhanov, G. I.]
[Text] An investigation is made of equations of unsteady non-adiabatic flows

of a continuous medium modeled by a viscous thermally conductive perfect gas.
Solutions of the equation of motion are obtained in the class of solutions of

‘a continued system of equations by reducing the differential corollary of the

initial equation to a Darboux equation. The resultant solutions enable evaluation
of the way that temperature, heat flux and static pressure depend on time and
mass coordinate, and can be used in studying some patterns of explosive processes:
combustion, explosion, detonation. References 12.
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UbDC 539.1
DOUBLE EXPLOSION IN WATER AT LOW ENERGY DENSITIES
[Abstract of article by Ageyev, A. N. and Andriankin, E. I.]
[Text] At low energy densities, a spherical explosion in water is described by

an approximation that differs from the solution of the corresponding problem for
an incompressible liquid only in the accounting for delay time. .The problem

- of double explosion in water is solved in such an approximation. An analysis

is made of the dynamics of the cavity formed as a result of double explosion.

It is shown that the principal characteristics of pulsations of the cavity as
well as the magnitude and shape of the pressure pulse propagating in water can

be varied over a wide range by controlling the parameters of the double explosion.
References 7.

UDC 532.114534.222.2
SOME CLASSES OF SOLUTIONS OF THE MONGE-AMPERE EQUATION FOR AN INHOMOGENEOUS MEDIUM
[Abstract of article by Dolgov, A. A.]
[Text] An examination is made of one-dimensional plane movements of an ideal
fluid with variable initial density and speed of sound. Exact solutions of the
Monge-Ampere equation are found for some distributions of these parameters.
References 3.

UDC 533.1:533.2

RAREFACTION WAVE IN MEDIUM WITH EQUATION OF STATE INCLUDING SECTION WITH NEGATIVE
PRESSURE

[Abstract of article by Ivanov, M. Yu.]

[Text] An investigation is made of qualitative peculiarities of rarefaction
waves in a medium with an equation of state that includes a section with negative
pressure. Assuming that the results of rarefaction processes may lead to breakup

of the medium into individual particles, the author evaluates the mass of such
a particle. References 5.

UDC 537.84:539.63
MOTION OF FLUID IN MAGNETIC FIELD WITH CLAPPING OF TWO PLATES
[Abstract of article by Andriankin, E. I. and Kononenko, M. M.]

[Text] The flow of a conductive fluid in a magnetic field resulting from conver-

gence of channel walls may be of interest for getting strong currents in MHD oper-

ation. This paper gives an exact solution of such an unsteady two-dimensional

. problem for a slit channel at low magnetic Reynolds number when plates clap togeth~
“er in accordance with a special law. The solution depends on three constants

that can be used for approximations. References 2.
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UDC 539.9
THEORY OF NONLINEAR WAVE PROPAGATION
[Abstract of article by Andriankin, E. I. and Malkin, ‘A, I.]
[Text] A method is proposed for studying nonlinéar waves in weakly dispersing
media. The evolution of initial perturbation reduces to propagation of a certain
number of modes. In the first order of the method, modes interact with near phase
velocities. References 4.

COPYRIGHT: Unknown

6610
Cso: 1862/79
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CRYSTALS AND SEMICONDUCTORS

UDC 539.216,535.33,537.533
ELECTRONIC PROCESSES IN ISLAND METAL FILMS

Kiev ELEKTRONNYYE PROTSESSY V OSTROVKOVYKH METALLICHESKIKH PLENKAKH in Russian
1980 (signed to press 17 Nov 80) pp 4-8

[Annotation, preface and table of contents from book "Electronic Processes in
Island Metal Films", by Petr Grigor'yevich Borzyak and Yuriy Aleksandrovich
Kulyupin, Institute of Physics, UkSSR Academy of Sciences, Izdatel'stvo ''Naukova
dumka", 1200 copies, 240 pages]

[Text] The book examines new problems in the physics of island metal films:
"001d" electron emission and "cold" luminescence, the relation between these ef-
fects and conduction current, and between luminescence resulting from conduction
current and a new kind of luminescence when metals are hombarded by electrons.

An investigation is made of the nature of conductivity of island films, the rela-
tion between their characteristics and structure determined by the conditions

of growth. Also examined are problems of the physics of small metal island parti-
cles that are new with respect to their solution.

The book is intended for scientific workers, specialists in the field of elec-
tronic technology and electron microscopy, and also for graduate students and
upperclasgmen majoring in physics and physical engineering.

Figures 127, tables 2, references 355.
Preface

Our attention was first drawn to island metal films and small particles during
research on the nature of silver-oxygen-cesium photocathodes. A study of the
very interesting optical and photoelectric properties of silver island films,
especially when coated with cesium and its oxide,.enabled us to explain the ap-
preciable influence of small silver particles on the properties of these photo-
cathodes.  Later we were to observe completely new effects occurring in gold films.
In studying the emission of hot electrons from. silicon p-n junctions, we had to

- apply a gold film on the end face of the junction. At a certain voltage across
the junctions, electron emission was observed that secaed to emanate fram the

- gold film. Numerous control experiments with filrs of different thicknesses on

different dielectric backings confirmed the effect of electron emission from gold
films upon application of sufficient voltage and with passage of current. The
emission was only from island films, and only cold, i. e. not associated with
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heating of the film by the transmitted current. Moreover, we learned that cold
electron emission is accompanied by cold luminescence of the films, i. e. by lumi-
nescence of film islands that are not incandescent. It is not surprising that
these striking and completely unexpected effects have long riveted our attention
on island metal films and small particles.

The desire to explain the nature of observed new effects, and the mutual relation

between these effects and conduction current has led to many experiments and theo-

retical studies. The very effect of conductivity of £ilms consisting of individual

metal island particles on dielectric substrates is of independent interest, and

it has been necessary to give attention to the mechanism of this conductivity
n as well, Some interesting properties of island films have also been observed

in the study of conductivity. Some of these properties have been associated with

peculiarities of film structure, which has necessitated a study of the problem

of growth of islands and the structure of the films. In studying the properties

of island films, we cannot avoid dealing with the properties of the separate is-

1ands themselves, which are microparticles of the metallic substance. And since

physical arguments. tell us that the properties of such particles with sufficiently

small dimensions must differ from those of massive metals, their investigation

is of considerable physical interest.

In studying the nature of luminescence, island metal films were subjected to elec-
tron bombardment. In doing this, unknown luminescence was observed. It was found
that bombarding continuous films and massive metal with the same kind of electrons
produces the same kind of luminescence. It was necessary to study the nature

of this effect, the moreso as it promises important applications.

Ceneralization of these studies has becn the content of this book. But if the
work delineates research in the given area, it does so on an initial stage. The
physics of fine solid particles and island films is still far from complete study,
and our main goal has been to call attention to this interesting field. The wider
the class of people who are involved in the area, the greater the depth and the
faster the pace of investigation will be in studying these interestirg objects,
and the more intense will be the generation of new physical and practical ideas
and the acceleration of their realization. If the publication of this book is

in any way conducive to the attainment of this goal, the authors will feel that
their labor has been rewarded.

Contents v page

Preface , 7
List of Symbols 9
Chapter 1: INTRODUCTION TO PHYSICS OF ISLAND FILMS 11
1. Thin Films. Classification and Description 11
2. Basic Information on Mechanism of Film Growth 20
3. Specifics of Electronic Processes in Island Films 31

3.1. Physical model of island film (31). 3.2. Properties of fine metal
particles (33). 3.3. Electrical conductivity of films. Emission and
optical phenomena (38). 3.4. Specifics of experimental studies of physi-
cal phenomena in island films (41)

Chapter 2: ELECTRONIC PROPERTIES OF FINE METAL PARTICLES ‘ b4
1. Quantizing Spectrum of Single-Particle States 44
7
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1.1. Quantum size effect and electric conductivity of continuous films

(44). 1.2. Film potential, carrier scattering mechanism, and calculation

of the way that bismuth film conductivity depends on thickness and tem-
perature (46). l.3. Structure and electric conductivity of bismuth films.
Quasi-size effect (50). 1.4. Quantization of single-particle electron

states in islands with few atoms (55).

Collective State of Electroms in Metal Islands - 57
2.1, Frequency of collective vibrations in massive metals and fine-

particles (57). 2.2. Electron-photon radiation by island silver films (66) .
Dynamic Polarizability of Fine Metal Particles 70
3.1. Theoretical concepts of size dependence of dynamic polarizability of

fine particles (70). 3.2. Methods of determining polarizability of fine
particles (74). 3.3. Dimensional and frequency dependences of polariza-
bility of fine silver particles (79) )

Average Internal Potential of Fine Metal Particles 85
4.1. Relation between index of refraction of electron waves and average
internal potential of metal (85). 4.2. Principal equation of interference
microscopy. Direct and inverse problems (89). 4.3. Internal potential of
bismuth and silver particles (95). 4.4. Internal potential of fine metal
particles (102). 4.5. Nature of size dependences of properties of fine
particles (104).

Chapter 3: ELECTRONIC PROPERTIES OF ISLAND FILMS 106

1.

Electric Conductivity of Island Films. Case of Weak Fields and Low

Powers of Conduction Current 106

1.1. Principal problems of theoretical and experimental investigation of
electric conductivity (1566). 1.2. Distribution of electric field and
potential in island films (109). 1.3. Electric conductivity of island

films with statistically homogeneous structure (117). 1.4. Electric con-
ductivity of films with statistically inhomogeneous structure (125)

Electric Conductivity at Large Inserted Powers and Hot Electron Emission 134
2.1. Electron heating in film. Electric conductivity at large inserted
power (134). 2.2. Electron emission from island films (137). 2.3. Electron
emission current as a function of voltage across the film and inserted power
(143). 2.4. Estimating magnitude of electric field in the vicinity of the
emission center (151). 2.5. Electron emission from island films in micro-
wave field (155). 2.6. Electron temperature in emission center (159)

. Island Metal Films as Unheated Electron Emitters 164

3.1. Cold cathodes (164). 3.2. Equipotentiality of cathode and electron
energy distribution (164). 3.3. Plate characteristics of emission current
(165). 3.4. Time stability of emission characteristics (168). 3.5. Inter-
ference immunity and temperature stability (171). 3.6. Cathode efficiency
and economy. Break-in time (172). 3.7. Effect of vacuum conditions (173).
3.8. Ways to improve emission characteristics of cathodes (173). 3.9. Island
films as sensors of physical quantities and microelectronics components (175)
Current-Excited Light Emission by Island Films 178
4.1. General information on current-excited emission (178). 4.2. Spectra of
light emission by films of different metals (181). 4.3. Power of luminous
radiation from individual center (185). &4.4. Dependence of intensity and
spectral makeup of emission on power input to the film (186). 4.5. Fluc-
tuations of characteristics of light emission (i88). 4.6. Influence of
gubstrate temperature on emission characteristics (191). 4.7. Relation
between emission of light and electron emission.(194), 4.8. Mechanism of
current-stimulated emission of light (196)
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5. Electron-Photon Emission of Light Frem Thin Metal Films and Massive

Metals - 203
5.1. Characteristics of electron-photon emission (203). 5.2. Mechanism of
electron-photon emission of light from metals (209). 5.3. Relation ‘

3 between current-stimulated and electron-photon emission (218)
References 221

Subject Index , '3238
COPYRIGHT: Izdatel'stvo "Naukova dumka', 1980
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- FLUID DYNAMICS

UDC 350.145.6

NONLINEAR DEFORMATION WAVES

Moscow NELINEYNYYE VOLNY DEFORMATSII in Russian 1981 (signed to press 4 Mar 81)
pp 2-4, 256 : - _

{Annotation, preface and table of contents from book "Nonlinear Deformation Waves'",
by Yuriy Kustavich Engel'brekht and Uno Karlovich Nigul, USSR Academy of Sciences,
ESSR Academy of Sciences, Institute of Cybernetics, Izdatel'stvo "Nauka", 1700
copies, 256 pages)

[Text] On the basis of general equations of the mechanics of continuous media,

by introducing appropriate supplementary postulates, nonlinear mathematical models
are constructed for describing wave processes of deformation of thermoviscoelastic,
thermoelastic, viscoelastic and elastic solids and ideal compressible liquid. An
examination is made of the construction of solutions of wave problems by sequential
integration of simplified quasilinear equations (systems) derived by the ray meth-
od. Some specific examples are given. :

In contrast to the conventional approach of nonlinear acoustics, where sine-wave
pulses are considered as a rule, this book examines finite pulses of arbitrary
shape. ’

The publication is intended for scientific workers, graduate students and upper-
classmen interested in the theory of nonlinear waves.

Tables 11, figures 44, references 161.
Preface

- Mathematical modeling of nonlinear wave processes has lately become more and more

- ~ topical in mechanics, acoustics, plasma physics, electrodynamics, oceanology,

’ seismology, astronomy and other areas of science and engineering. This can be
attributed to the fact that an in-depth understanding of physical phenomena that
take place in wave propagation, as well as their use in various technical applica-
tions in many cases are beyond the capacity -of the linear theory of wave propaga-
tion. Although nonlinear wave processes have their own specific features in the
different areas of science, it should be noted that systems of equations used
to model the wave process, as well as efficient methods of constructing solutions,
are in many cases analogous or even identical from the mathematical standpoint.

10
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Therefore the nonlinear theory of wave propagation has now begun to take shape
as a discipline developing at the confluence of several sciences.

This book is an attempt to treat a certain class of problems in the nonlinear
theory of deformation wave propagation from a unified standpoint. Its content
is divided into two parts. : : ' '

The first part (chapters 1 and 2) deals with problems of construction of mathe~
matical models (systems of equations) to describe the mechanics of nonlinear wave
processes of deformation of thermoviscoelastic, thermoelastic, viscoelastic and
elastic solids and ideal compressible liquid within the framework of ‘classical
(newtonian, nonrelativistic) mechanics. .

The second part (chapters 3-5) examines methods of reducing the initial problems
to sequential integration of simplified equations, as well as methods and results
of construction of solutions of these simplified equations in the case of actions
by finite pulses of arbitrary shape. In choosing material for the second part

of the monograph, the authors took into consideration that U. K. Nigul's monograph
"Echo Signals From Elastic Objects" (Tallin: Valgus, 1976, Vol 1) contains a
detailed description of a method of sequential integration of linear equations

of hyperbolic type, which has been used to solve many direct and inverse problems
of propagation of one-dimensional pulses in laminar media. Therefore, to avoid
repetition, this book has focused its main attention (chapters 3-5) on a different
asymptotic approach known as the ray method, reducing the initial problem to se-
quential integration of simplified nonlinear equations. Of the two asymptotic
approaches mentioned here, the former is more simply realized, but is suitable
only in the region of minor nonlinear distortions of the pulse, while the latter,
which is more complicated, enables description of the principal part of a nonlinear
solution on any stage of pulse propagation.

Let us note that other important aspects of nonlinear wave theory have been exam-
ined recently in monographs by O. V. Rudenko and S. I. Soluyan "Theoretical Prin-
ciples of Nonlinear Acoustics’ (Moscow, Nauka, 1975), and [Dzh.: Uizem] "Linear
and Nonlinear Waves'", Moscow, Mir, 1977.

Chapter 1 was written by U. K. Nigul, chapteré 2-5--by Yu. K. Engel'brekht.

Contents page
Preface 3
Introduction 5
PART I: NONLINEAR MATHEMATICAL MODELS OF CONTINUOUS MEDIUM
Introduction i 7
Chapter 1. Elements of Classical Mechanics of a Continuous Medium 9
1. Initial assumptions. Description of motion and deformation 9
2. Velocity, acceleration and stress 35.
3. Principal laws (postulates) : 47
References : L 60
Chapter 2. Specific Mathematical Models of a Continuous Medium 61
4. Theory of nonlinear dissipative medium without memory 62
5. Mathematical models of solids in specific coordinates ) 72
11

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040025-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040025-5

FOR OFFICIAL USE ONLY

6. Mathematical model of liquid in langrangian coordinate system 91
7. Integral form of equations of state 99
References 107

PART II: NONLINEAR DEFORMATION WAVE THEORY
Introduction - 110
Chapter 3. Ray Method in Nonlinear Wave Theory 112
" 8. Principal equations and conditions of asymptotic approximations 113
9. Construction of transport equations 125
10. Properties of transport equations 134
References 139
Chapter 4. Multiple-Wave Problems . 140
11. Ray method for interacting waves 141
12.. Interaction of counter waves 145
13. Waves in a layer ' 149
14. Influence of reflected wave interaction . 160
15. Interaction in inhomogeneous medium ' 166
RKeferences ) ) 169
Chapter 5. Analysis of Wave Processes ' 170
16. Nonlinear elastic medium N 172
17. Nonlinear viscoelastic medium 178
18. Nonlinear thermoelastic medium ' 197
19. Nonlinear dispersing medium 202
20. Nonlinear inhomogeneous medium 221
B 21. Accounting for diffraction divergence 238
References 251
Appendix 254

COPYRIGHT: Izdatel'stvo '"Nauka", 1981

6610 '
Ccso: 1862/61

12

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040025-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040025-5

FOR OFFICIAL USE ONLY

NUMERICAL MODELING OF GASDYNAHIC PROCESSES . OCCURRING WHEN LASER EMISSION WITH T
MODERATE FLUX DENSITY ACTS ON METALLIC OBSTACLE IN AIR

Novosibirsk FIZIKA GORENIYA I VZRYVA in Russian Vol 17 No 6, Nov-Dec 81 (manu-
script received 3 Oct 80) pp 77-82

[Article by G. S. Romanov and Yu. A. Stankevich, Minsk]

[Text] The mechanisms of formation and development of a plasma layer at the sur-
face of a metal target that is located in air and absorbs intense laser emission
have been both experimentally and theoretically investigated in a number of papers.
Ref. 1-8 aremost thorough and definite from the standpoint of tying in measurement
data to laser pulse parameters (smooth neodymium laser pulse with duration of

~1 pus). These papers cover experimental and (in the case of the phase of one~'
dimensional planar expansion of the plasma layer) theoretical investigation of
mechanisms that successively replace one another as radiation flux denmsity in-
creases: subsonic radiation wave, light detonation wave and supersonic radiation
wave, o o .

In view of the fact that time-profiled radiation pulses are generally realized
in experiments, while calculations are done for constant density of the radiation
flux, experiment and theory are compared in these works for certain selected param-

- eters of the process such as maximum pressure on the target, maximum rate of dis-

_ persal of the plasma layer and certain others in time intervals ty~Ta/c, limited
by the condition of one-dimensional dispersal (rg is the radius of the irradiated
area on the target, c, is. the characteristic speed of sound in the plasma layer,
c, ~ 10 5-10% em/s). This comparison showed satisfactory qualitative agreement,
and with respect to the series of parameters named above, quantitative agreement
as well between theoretical concepts and observed phenomena. :

At the same time, available experimental information that is much more detailed
than that used in theoretical analysis of phenomena in Ref. 1-8 enables us to
consider the problem of direct numerical modeling of the aggregate of observed
phenomena based on a gasdynamic computational model [Ref. 9-13] that accounts

for one-dimensional and two-dimensional movement of plasma and of the ambient
medium under the action of radiation pulses with the intensity distributions over
the beam cross section and in time that are realized in an experiment. Such a
computational model and comparison of the data that it yields on the dynamic char-
acteristics of phenomena with the quite complete results of measurements given

in Ref. 7 are considered in this article. In accordance with the data of Ref. 7

13
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- we study below the gasdynamic processes that take place at the surface of a bis-
muth target irradiated by bell-shaped monopulse laser radiation (with duration
at half power level of t4=0.4~0.5 ps) with wavelength A=1.06 ym in the range
of maximum radiation flux denmsities qp., ~ 5-200 W/cem? (so-called "moderate" flux
densities) in which the subsonic radiation wave and light detonation wave con-
ditions are realized.

1. The computational technique that is used here was described in Ref. 9-13 where
it was used to model processes of formation and dynamics of the light detonation
wave and supersonic radiation wave at the surface of an aluminum target in air.
The method includes solution of the unsteady axisymmetric problem of heat conduc-
tion on heating and vaporization of an obstacle under the action of absorbed laser
radiation on a circular spot of radius rz, and solution of the unsteady axisymmet-
ric gasdynamic problem of movement of vapor and the displaced ambient gas (air).
We will briefly describe the procedure as applied to the given problem.

It was assumed in accordance with Ref. 7 that radiation traveling toward the sur-
face of the target has intensity qo =qo(t) that is constant within ‘the limits

of the cross section of a cylinder with radius of 0.4 and 0.2 cm, and has a time
dependence that is tabulated (Fig. 1). The quantity dmax and the total energy
density E on the target are related by the expression E=0.53qp,%x» and the total
energy Eo for a target with ra=0.4 cm

av
P _ Il—\‘ Q/qmﬂx is defined by the relation Eg=0.27x
; Qmax- Here qpax 1is expressed in
800 f \ 0,8 MW/cm?, E-~in J/cm?, and Eg--in J.
I \ Surface reflectivity Rwas determined
! \ by surface temperature Tp in accor-
! \. dance with data of Ref. 14, i. e.
p [ 3 the vapor and the air heated by the
2,1 \ z- d shock t1
3 \ vapo:-generated shock wave partly
m/\;\l 5 24 0,4 or totally absorbed both the incident
4007 URTANE N radidtion and that reflected from
5 3 S the surface. The obstacle was heated
/ and vaporized in region r<r, under
3 the action of incident radiation with
Wé\\ flux density qa(rt) = go () [1 — R(To)l X
s S ——
2 Zam == = =t Xexp[ j‘nv(r, z)dz] (here ky is the co-
.0 1 s HS
Fig. 1. Time dependence of laser emission effic:lent of absorption of radiation
intensity and pressure in the center of by vapor and air, z is read out along
exposure spot on target surface: (qpax the normal to the surface). Heat
R [MW/cm?] 1--200; 2--140; 3--70; 4—-45; transfer was disregarded in the tar-
5--25; 6-16; 7--10; 8--7; 9--5 get in the radial direction, heating

into the target (z<0) was determined
by the magnitude of the energy flux qu(r, t) delivered to the surface. The boun~
dary parameters for vapor at the surface were assigned in accordance with Ref. 15
with consideration of ambient counterpressure; in accordance with this, .vapor
motion started upon heating of the surface above the boiling point, equal to
Tp.= 1830 K for bismuth [Ref. 16].

14
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040025-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040025-5

FOR OFFICIAL USE ONLY

To describe the movement of vapor and air in an eulerian coordinate system, the
finite difference method of "coarse particles" was used [Ref. 17], generalized

to the case of accounting for absorption of incident and reflected radiation by
the vapor-air plasma. In contrast to Ref. 12, 13, re-radiation of energy by the
plasma was disregarded due to a lack of data on the group coefficients of absorp-
tion of bismuth vapor. Motion of the contact boundary between vapor and air was
followed by using markers--passive particles having a velocity equal to the lo-
calized velocity of motion of the medium. The equation of state and coefficients
of absorption were tabulated in the form of dependences p=p(p,e) and ky=xy(p,€),
where p 1s pressure, p is density, ¢ is the internal energy of a unit of mass

of the medium, for air in accordance with the tables of Ref. 18, arid for bismuth
vapor in accordance with data of Ref. 19,

The computational grid for solving the problem [had] up to 34 cells along the
r-coordinate (over the surface) and up to 60 cells along the z-coordinate (normal
to the surface), providing satisfactory spatial resolution of .flow parameters.

As the gasdynamic perturbations approached one of the boundaries of the compu-
tational region, the dimensions of the computational cells in this direction were
doubled, and as a result development of flow of the medium was traced over a fairly
long time interval. 1In the given case motion was nearly one-dimensional over

a considerable part of the emission pulse (up to t~1 us), appreciably improving
the detail of motion description at the beginning of the process through intro-
duction of cells Az«Ar.

! 2. Calculations are done for versions with qpax= 5, 7, 10 12, 16, 25, 46, 70,
: 140 and 200 MW/cm®. We begin examination of the results with Fig 2, giving the
distributions ‘of parameters in a plasma
Zy MM . jet formed by an emission pulse with

. dpax = 200 MW/cm? acting on a bismuth tar-
get with r;=0.2 cm. Time t=1.3 us
corresponds to nearly total cessation
of energy release. The given example
is of interest in particular in the re-
spect that here in the process of energy
release there is a change in the condi-
tions of propagation of the plasma front
contrary to the radiation: the mode of
the:subsonic radiation wave 1is replaced
by that of the light detonation wave when
the radiation flux density on the target
reaches qg ~ 130 MW/cm® on the leading edge
of the pulse (at t=0.5 us). The distri-

Fig. 2.  Distribution of tempera- bution of density in the !et shows a pro-
ture T and density p in plasma jet nounced minimum of ~5-10" g/cm (air

at time t=1.3 uys. T, eV: 1--5.6; density outside of the jet p=1.29.10"°
2--3.2; 3--2.5; 4--1.8; 5--1.6; 6-- g/cm®) in the middle part in a region

1.4; 7--1.3; 8--1; 9--0.4; 10-0.022. at a distance of from 2 to 5 mm from the

B p*10%, g/em®: 1--10; 2--3.2; 3--1.6; surface. Schlieren photographs for the
4--1.3; 5--0.6; 6--0.5; 7--0; 8--0.3; same kind of conditions given in Ref. 6, 7
9--0.25 : for an aluminum target (as calculations
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show, the latter circumstance does not alter matters since the vapor is situated
much nearer the surface than the indicated region when aluminum and bismuth tar-
gets are used) clearly show a more transparent disk-shaped region at distances
of ~3-5 mm that can be identified with the above-mentioned density minimum. The
general shape, as well as the dimensions of the jet in the axial and transverse
directions as measured from the schlieren pattern from Ref. 6, 7 and also with
respect to Fig. 2 are likewise similar to one another. Even this implies that
the given calculation satisfactorily transmits the dynamics of the phenomenon
over the entire duration of the emission pulse.

Let us examine in more detail the space-time dependences of parameters for two
typical versions of calculations. The distributions of parameters in the z direc-
tion at r=0 for different instants within the duration of the emission pulse are
shown in Fig. 3 and 4 for qxﬁax= 45 and 140 MW/cm? respectively. Under these

pnav par

] oyt
2,CM

X
A 1
,"l 1200 120
"o * M I
N N
\
; by 800 —t——+H——H—52
7r‘\\2 I b Ij l/
A (U I 40 i J
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N g 1ha ks 400 | 40
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3 zMM
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Fig. 2. Distribution along Fig. 4. Distribution along

the z-axis for pressure p (—)
and absorption coefficient k,,
("'--) at Qpax = 45 MW/CD]Z at

the z-axis for pressure p (—)
and absorption coefficient ky
(-==) at qpax =140 MW/cm? at

times t, us: 1-=0.4; 2--0.5;

times t, us: 1--0.5; 2--0.63;
3--0.63; 4--0.795; 5--0.9

3--0.795; 4--0.9; 5--1.0; 6-—-
1.26

conditions the pattern of motion in the paraxial region of the jet is still close
B to one-dimensional although its lateral distribution along the surface of the
target may influence the integral characteristics (recoil momentum, etc.). It
can be seen that the optical thickness of the vapor is great for both versions
at t>0.6-0.8 us, but formation of light detonation wave is possible only at suf-
" ficient magnitude of q: for the second version at t~ 0.6 us, when q=130 MW/cm?.
The intensity of the shock wave generated by the vapor in air is here sufficient
for the shock-compressed layer to begin to completely absorb radiation in the
vicinity of the wave front, and to form a light-detonation complex.

Both versions of calculation are characterized by considerable vapor temperature -
—-up to 5-7 Ev. These temperatures, calculated without consideration of processes
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of radiative cooling of vapor, are apparently overstated by about 30%, which as
noted in Ref. 5 is implied by the estimate of equality of the radiative and out-
wardly incident emission fluxes. The air temperature between the contact boundary
and the shock wave front is considerably lower: in the first version it is less
than 1 eV; in the second version by time ~0.6 us and later it begins to exceed

1 eV, which is sufficient to change absorption from vapor to air [Ref. 20].

Transition from the subsonic radiation wave to the light detonation wave in the
given case takes place under the action of gasdynamic forces: the piston action
of vapor on air is decisive in the. process of increasing its temperature to the
point of initiation of absorption T, ~1.2-1.5 eV [Ref. 20]. However, estimates

of the rate of propagation of a subsonic radiation wave according to Ref. 20 show
that under the given conditions the difference between the propagation velocity
and the mass velocity of the medium in the vicinity of the contact boundary is -
still small, i. e. actually the motion of the plasma front is determined by gas-
dynamic processes. Supplementary to this, let us mention the nearly complete
coincidence of measurements in Ref. 7 and the chlculated maximum velocities of
dispersal upgx of the plasma front from the surface both in the region of existence
of subsonic radiation wave conditions and in the region of values qpax~> 130 MW/cm?
that ensure transition to the light detonation wave conditions in the process of
action: at qpax =350, 140, 200 MW/cn? these velocities were upay=4, 8, 11 km/s
respectively. The measured and calculated. hodographs of the jet front also coin-
cide. .

Let us consider the time dependences of pressure in the center of the target for
versions of calculations with different values of qpmax (see Fig. 1). Here, just

as in the experiments of Ref. 1, 7, two pronounced pressure maxima can be observed:
the first corresponding to vaporization of the target, and the second corresponding
to arrival of perturbations from the absorption spike on the vapor—air interface
at the surface. In the calculations the time of onset. of the second maximum is
somewhat less than in the experiment of Ref. 7, and its value ppax at qmax”> 100
MW/cm? is somewhat greater. It must be borne in mind here that pressure averaged
over the surface of the sensor (and target) was recorded in the experiment. If

the calculated pressure were averaged over the target, the value .of ppax would

be reduced (due to two-dimensional vapor movement); these differences continue

to decrease with increasing averaging surface, although -some discrepancy remains.
This can be attributed to the peculiarities of the registration system in Ref. 7
(some time lag of the pressure sensor, some arbitrariness in combining the emission
pulse and pressure oscillograms and so on), as well as to incomplete reproduction
of the emission pulse parameters in the calculation (for example the nonuniformity
of distribution of radiation intensity over the spot that was unaccounted for

in the calculations was estimated in Ref. 7 by a value of *#20%). At the same

time, just as in Ref. 7, ppax falls off somewhat beginning at qmax*-ISO MN/cmz,

A quantity of definite interest is the specific recoil momentum n: the ratio

of the recoil momentum I acting on the target to the energy Ep delivered to the
target (n=1/E¢). The quantity n by time t= 20 us from the start of the emission
pulse is plotted as a function of qpa, on Fig. 5, from which we see that the dis-
crepancy between calculation and experiment does not exceed the spread of measure-
ment results. The nature of the dependence of n on qpay ig also reproduced--the
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rise in n up to Qpax ¥ 10 MW/cm? due to increase in vapor mass and reduction in
losses to thermal conduction in the target, the relatively smooth fall-off in

the region ‘lmax< 100 MW/cm? due to. absorption of emission in the vapor and re-
duction of energy losses on vapor heating, and finally the steeper drop at dpax >
100 MW/cm? due to formation of the light detonation wave and more rapid departure
of the absorption front from the surface as well as to the considerable influence
of two-dimensionality.

- Thus, the aggregate of the cited computational data and their comparison with the
: experiment of Ref. 6, 7 show that the described computational model properly im-
parts the behavior of gasdynamic processes at the surface of a target in the one-
dimensional and two-dimensional phases of development.
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LASERS AND MASERS

UDC 621.373
- MECHANISM OF PULSED LASING IN HIGH-PRESSURE ELECTRIC DISCHARGE Ar-Xe-LASER

Moscow KVANTOVAYA ELEKTRONIKA in Russian Vol 8, No 11(113), Nov 81 (manuscript
received 13 Feb 81) pp 2425-2432 :

- ‘[Article by V. N. Lisitsyn and A. R. Sorokin, Thermophysics Institute of the
Siberian Department, USSR Academy of Sciences, Novosibirsk]

[Text] On the basis of studying the characteristic behavior of spontaneous
and induced emission during pulsed electric discharge in a mixture
of Ar and Xe, an analysis was made of the population processes of
the atomic laser levels of xenon, and the efficiency of excitation
transfer from argon to xenon atoms was estimated. A conclusion was
drawn regarding the excitation of laser levels by direct electron
impact from the ground state. Improvement of the energy char-
acteristics of the laser and variation of the spectral composi-
tion of the emission with an increase in xenon pressure and the
addition of argon are connected with significant variation of
the electron distribution function with respect to emergies. It
is possible to neglect the excitation transfer from argon to
xenon atoms in the electric discharge. The latter is important
for creating electron beam preionized ‘and electric discharge XUV
lasers utilizing Xeyp dimers.

This paper is devoted to the study of the processes of exciting xenon levels in
the working mixture of a high-pressure Ar-Xe laser.

It is known [1] that in low-pressure lasers utilizing IR transitions of inert
atoms, the output power of the emission does not exceed a few tens of watts with
an efficiency of 210~>. Increasing the heavy inert gas content in mixtures with
helium made it possible significantly to increase the radiation power (~107 watts)
and efficiency (~10-3) [2, 3]. The replacement of helium by argn in an electron
beam preimizedAr—Xe—lasef led to further increase in éfficiency (10-2) [4].

The use of discharge through a dielectric having increased stability expanded

the operating range of the Ar-Xe-laser to 7 atm [5]. The transition to high
pressures was accompanied by variation of the spectral composition of the
emission.

The level population processes in an Ar-Xe mixture were investigated in an elec-
tric discharge with small (s 0.1%) [6] xenon content and in an electron beam pre-
jonized laser with large (0.7%) [4] xenon content. The excitation transfer from
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argon molecules to xenon atoms on excitation by an electron beam and with a
xenon content pyo20.3p,,. was investigated in [7]. In an electric discharge laser
with optimal xenon content (~1.5%) such studies were not performed.

The discovery of population channels of atomic levels in ar Ar-Xe mixture is
important not only for the Ar-Xe-laser, but on the whole for high-pressure lasers
in which, as a rule, inert gases are used, in particulat, to create electron
beam preionized [8] and electric discharge [5] lasers utilizing Ar,, Xe, dimers.

The purpose of this experiment was to determine the basic mechanisms participating
in the excitation of laser levels of the electric discharge Ar-Xe~laser and
estimation of the efficiency of the excitation tramsfer from argon to Xenon atoms
based on studying the characteristic behavior of spontaneous and induced emissions
of a gas discharge plasma under various conditioms.’

Experimental Results and Discussion

1. Experimental Setup. Two discharge cell designs were used in the experiments:
for investigation of lasing, a cell with double transverse discharge [2] 60%1.5x
0.6 cm (electrode spacing 1.5 cm); to study spontaneous emission, a cell with
exposure through a cathode grid 4x0.9x0.5 cm. The exposure discharge was realized
between an auxiliary electrode coated with glass and the grid. For attenuation
of the radiation reabsorption, the observations were made across the cell so that
the thickness of the plasma column focused on the MDR-2 monochromator was 0.5 cm.
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Figure 1. Spontaneous emission power on the 0.47 micron line

for the first () and second (9") glow components as a function

of the pressures of Ar-Xe and He-Xe mixtures (the subscripts

on )5 py,=0.01 atm; the current was kept comstant.

Key: :
1. relative units
2., atmospheres
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Figure 2. Oscillograms of the current (I) and spontaneous '
emission at A=0.47 (a) and 0.98 microns (b) in mixtures of
He-Xe (2) and Ar-Xe (3) for p=0.5 atm, pye=0.01 atm.

Key: .

A. microseconds

B. nanoseconds

A cable energy storage element commuted by a gas-filled discharger through a
transmitting cable line to the cell was used to excite the discharge. The ratio
of the maximum voltage on the cell to the closest secondary peak was 60, the
discharge current duration was s7 nanoseconds with respect to the base. The
electromagnetic pumping wave reflected from the cell was again incident on the

* cell after 100 nanoseconds. ‘

A high-speed recording system including the "Dnepr" and ELU-FK14 photodetectors
and also the S1-75 oscillograph made it possible to take the measurements with
time resolution of 10 nanoseconds. e

2. Spontaneous Emission. In reference [6] it was demonstrated that with a small
xenon content (<0.1%) in the Ar-Xe mixture, the glow of the Xe lines on the trans-
itions 6p', 7p-6s belonging to the spectral region of 0.45-0.5 micron is appreci-
ably more intense than with pure Xe. The growth of the intensity is caused by
radiation cascades from 9d level which, in turn, are populated as a result of
resonance excitation transfer from the 4s'[1/2]; level of argon. The correspond-
ing resonance, defect ~100 em~1l. It was of interest to discover that this emission
behaves in accordance with the optimal conditions for lasing with time with large
xeénon concentration.

The emission in the spectral range of 0.45 to 0.5 micron is observed in the form
of two components. The first component lasting 7 nanoseconds coincided in time
with the pumping pulse, the second component was observed in the discharge

afte